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(54) Facilities for the examination of 
radioactive bodies 

(57) A facility for the examination of 
radioactive bodies comprises 
carriages, each transporting one or 
more radioactive bodies, e.g. nuclear 



fuel elements, which travel along a 
shielded passage to faring the bodies 
to examination stations spaced along 
the passage. The passage comprises a 
circular section tube (6) surrounded by 
a thick cylinder (2} of shielding 
material e.g. lead. The transverse 
sectional dimensions of the passage 
are not much larger than the 
corresponding dimensions of the 
carriages in order to maintain the 
radioactive region as small as 
possible. Equipment {1 4, 1 5) for the A 
examination of the radioactive bodies ' 
is located outside the shielded 
passage, and may be for metallurgical 
examination, e.g. by ultrasonics, 
raalojraphy or other non-destructive 
testing means, or for mensuration to , 
identify changes in shape, dimensions J 
or weight. 
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SPECIFICATION 

Improvements in facilities for the examination 
of radioactive bodies 

This invention relates primarily to a facility for 
5 the examination of radioactive bodies, the term 
'examination' being hereafter understood to 
include both destructive and non-destructive 
testing with all operations which said terms 
encompass. 

1 0 One example of purpose for which the facility 
can be applied is metallurgical examination, such 
as by ultrasonics, radiography or other non- 
destructive testing means. Another example is 
mensuration by known means to identify changes 
1 5 in shape, dimension or weight. The radioactive 
bodies referred to may be objects which have 
been subject to neutron and other radiation, such 
as nuclear reactor fuel elements after discharge 
from the reactor. 
20 Existing facilities for examination of radioactive 
bodies involve large shielded enclosures, termed 
'caves' in the art, in which various examination 
techniques are carried out at successive stations 
by remote control. This involves providing and 
25 operating extremely complicated mechanism not 
only for examination but also for transport of the 
bodies between examination stations. Providing 
integrity of shielding for operators and maintaining 
an efficient ventilation system with 1 00% integrity 
30 are additional problems which make the provision 
and operation of such caves a very expensive 
undertaking. It is desirable to maintain the interior 
of the caves at a lower pressure than ambient to 
ensure that if leakage occurs it will be inward not 
35 outward, and extremely efficient filters can be 
incorporated in the ventilating system (which 
incorporates the pressure regulating system! to 
take care of airborne radioactivity. 

It is an object of the present invention to 
40 provide a facility which is not only considerably 
less expensive than existing facilities but also 
provides considerable simplification of operation 
and alleviates the problems involved in providing 
complete integrity. 
45 According to the invention, a facility for the 
examination of radioactive bodies comprises a 
movable carriage for one or more radioactive 
bodies, a shielded passage forming a path of travel 
for the carriage and having transverse sectional 
50 dimensions not much larger than the 

corresponding dimensions of the carriage and 
means for moving the carriage along the 
between a plurality of examination stations at 
which equipment for examining the body or bodies 
55 is located outside the shielding. Such stations 
conveniently comprise a plurality of spaced lateral 
tubular projections communicating with the 
interior of the passage. 

The passage may be provided by a plurality of 
60 tubular units disposed end to end with sealing 

between units. Said units may include a part of the 
total shielding with which the passage is provided. 
Means may be provided for changing and 
replacing units under shielded and sealed 



65 conditions. 

The said stations are provided with equipment 
which can be manually operated so as to make 
use of operator expertise or can be automatically 
operated e.g. by computer programme. Said 
70 equipment has Its motive power or control units 
outside the shielded passage so that maintenance, 
repair and replacement can be readily effected. 

The shielded passage may be linear (straight or 
curved as expedient), with provision for reversing 
75 the movement of said carriage to return it to a 
starting position, or may involve a parallel system 
with or without end switching, or may be endless 
so that carriage movement may he confined to a 
single direction. Where the passage is single 
80 linear, a storage position for examined bodies may 
be provided at one limit of carriage movement, the 
said storage position being such that stored 
radioactive bodies can be periodically removed to 
a more permanent storage facility. 
85 The movement of said carriage may be effected 
in a number of alternative ways. The carriage may 
slide or roll in the passage, or may be levitated by 
air, liquid or magnetic force (repulsion or 
attraction). It may be moved longitudinally by a 
90 linear motor, or by sequentially operated magnetic 
repulsion and attraction, or by being releasably 
joined to a moving conveyor, or by being drawn 
along by a line on a drum. The last-named two 
expedients are subject to sealing difficulties at the 
95 ends of the passage where linear and where 
endless, where the drive to conveyor or drum 
penetrates the passage. Remotely operable 
expedients not involving breaching the sealed 
passage are therefore preferred. 
1 00 Remotely operable means for moving the 

radioactive body or bodies relative to the carriage, 
for example rotating it about its own major axis, 
may be provided. Such means may be electrically 
operated and be controlled by a radio or other 
105 frequency signal generated external to the 
shielded passage. 

A constructional example embodying the 
invention will now be described with reference to 
the accompanying drawings, wherein: 
1 1 0 Figure 1 is an elevation of part of a facility for 
the examination of radioactive bodies, 
Figure 2 is a plan view of Figure 1 , 
Figure 3 is a perspective view of one unit of 
those from which the facility shown in Figure 1 is 
1 1 5 made up, 

Figure 4 is a perspective view of a carriage of 
the facility shown in Figures 1 — 3, 

Figure 5 is a perspective view of means 
supporting a radioactive body, said means 
1 20 cooperating with the carriage shown in Figure 4, 
Figures 6 and 7 are enlarged fragmentary views 
showing means for sealing between units of the 
facility, one of which is shown in Figure 3, 
Figure 8 is an enlarged view of an alternative 
125 construction facility for the examination of 
radioactive bodies. 

Figure 9 is a similar view to Figure 8, illustrating 
a further alternative, and 

Figures 10 and 11 are plan views of still further 
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alternatives. 

Referring first to Figures 1—7, a facility for the 
examination of radioactive bodies comprises, a 
number of work units 1 disposed end to end with 
5 a number of service units 2, there being sealing 
joints between the units 1 and 2. Each work unit 1 
comprises a circular-section tube 3 surrounded by 
a thick cylinder 4 of shielding material, e.g. lead. A 
collar 5, also of shielding material, covers each 
10 joint between units 1 and 2. Each service unit 2 
comprises a tube 6 of the same internal diameter 
as tube 3 and having a cylindrical shield surround 
7. Within the tube 6 there is an isolating valve (not 
shown) operated by an external control wheel 8. In 
1 5 an alternative, not shown, the valve may be 
operated remotely by a servo which does not 
involve any penetration of the tube 6, thus 
assisting in maintaining integrity. Each service unit 
2 has a support 9 by means of which the facility is 
20 mounted on a floor 1 0. Furthermore, the unit 2 
gives access for essential services such as a 
ventilation and extraction system and electric or 
other leads for the equipment for moving 
radioactive bodies along the units 1 and 2, 
25 subsequently to be described. Examples of such 
services are diagrammatically illustrated in Figure 
2 and designated 1 1 and 1 2. 

Atypical work unit 1 has a lateral tubular 
penetration 13 providing a work station 14 for 
30 equipment for inspecting or performing operations 
on the radioactive bodies. Such equipment is 
diagrammatically illustrated in Figures 1 and 2, 
designated 1 5. Examples of such equipment 
suitable for operations on and inspection of a 
35 radioactive body such as an irradiated fast reactor 
fuel pin are: mensuration equipment for 
dimensional inspection, mechanical or laser 
means fordecladding and/or cutting the fuel and 
clad into specimens, and inspection equipment of 
40 various kinds such as for ultrasonic scanning, 
gamma ray spectroscopy analytical analysis, etc. 

The radioactive bodies, an example being the 
cylindrical body 1 6 shown in Figure 5, are 
presented in turn to the stations 1 4 by having 
45 mounted at each end an end fining 1 7 having 

radial spigots 18 for engagement in corresponding 
bayonet slots 18' in the interior of a tubular 
carriage 1 9 having peripheral slots 20 enabling 
access to be gained to the body 1 6 by the 
50 equipment 1 5 at work stations 1 4. Each carriage 
1 9 has external slide pads 2 1 spaced around its 
unslotted end regions 22 and the carriages 1 9 
with slide pads 21 are a sliding fit in the tubes 3 
and 6 of the work units and service units 
55 respectively. The carriage 1 9 with the body 1 6 
and its end fittings 1 7 is moved between stations 
by any convenient expedient. For example each 
work unit 1 may have lateral projections 23 (see 
Figure 3} disposed so that projections 23 along 
60 the facility comprising alternate units 1 and 2 are 
equidistantly spaced (see Figure 1 ). Each 
projection 23 houses reluctance motor drive coils 
which are operated sequentially to cause the 
carriage 1 9 and its contents to be moved between 
65 work stations 14. In other alternatives, not shown, 



other electromagnetic expedients, or a conveyor 
or cable system may be employed to move the 
carriage 19. Instead of slide pads 21, the carriage 
may be supported by gas pressure or liquid for 

70 longitudinal movement along and within the tubes 
3 and 6, or magnetic or electromagnetic support 
may be employed. 

Typical nominal dimensions for a work unit 1 
are: outside diameter of shielding 4: 0.60 rn; 

75 Internal diameter of tube 3: 0.1 0 m; length of unit 
1:1.5 m. 

It Is envisaged that a work unit 1 can be 
removed from its position for repair or 
decontamination, and replaced by a stand-by unit 1 . . 
80 To this end, suitable sealing means between units" 
1 and 2 are provided and are illustrated in Figures 
6 and 7. Such seal means 24 comprises two 
circular seals 25, 26 abutting over full circular 
faces 27, 28 respectively, with one seal 25 
85 attached by annular rib 29 to a service unit 2 and 
the other seal 26 attached by an annular rib 30 to 
a work unit 1 . Each seal 25, 26 has an annular 
compartment 31 , 32 respectively, through which 
can penetrate a blade 33, 34 respectively, the 
90 blades serving to blank off the ends of tubes 3, 6 
of the respective work and service units 1 , 2, see 
Figure 7, when it is desired to separate these units 
for replacement of a work unit 1 . The blades 33, 34 
can be retracted to free the bores of tubes 3, 6 
95 when the replacement unit is in correct position. 
The shield unit valve will also be operated by 
control wheel 8 when unit changing is being 
effected. It will also be necessary to bring up a 
supplementary shielding expedient (not shown) 

1 00 adapted to provide temporary cover against 

activity at the relevant joints whilst removal and 
replacement of a work unit 1 is being effected. 

It will be appreciated that several work units 1 
and service units 2 are assembled end to end in 

105 the alternate manner shown in Figures 1 and 2 to 
provide a facility of linear configuration. One end 
member of the assembly is adapted for feed-in of 
a radioactive body 1 6 and its supporting end 
fittings 1 7 to an empty carriage 1 9 at a feed 

1 10 station. Suitable shielding and environment 

control expedients are provided (not shown). At 
the other end of the facility, means are provided * 
for removal of a body 1 6 and fittings 1 7 from a 
carriage 19 into either a continuous storage unit 

115 or into a suitable transport container for disposal 
as waste, The fittings 1 7 can be made of plastics 
and be considered as expendable after one use. 
The empty carriage 1 9 can be returned to the feed 
station either aiong the tubes 3 and 6 by reversing 

120 the drive system, or can be removed from the 

facility into a suitably shielded container for return 
to the feed station externally. 

Other shapes of facility can be envisaged whilst 
still employing the present invention. For example, 

125 some or al! of the work and service units can be 
curved and arranged in an endless configuration, 
either circular, or oval, or in any other suitable 
configuration. Feed and removal stations can then 
be adjacent. In another alternative, the facility can 

130 consist of two parallel linear configurations with 
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change-over or cross-over provisions at the ends, 
one linear run being employed for examination of 
and operations on the radioactive bodies 1 6 and 
the other being employed merely to return 
5 carriages 1 9 to the feed station. With this 
alternative, it can be envisaged that several 
carriages 1 9 can be in use at the same time, thus 
the work stations 1 4 may well be capable of being 
operated continuously, sequentially on 
1 0 successively presented bodies 1 6. 

Further alternative constructions of details, still 
embodying the invention, will now be briefly 
described. Figure 8 shows in enlarged end view an 
expedient for supporting a half-cylindrical 

1 5 supporting carriage 40 in a tube 3 (or 6), the latter 
being similar to those shown in Figures 1 — 7. The 
carriage 40 is adapted to carry a radioactive body 
or bodies 1 6 (which may be an irradiated nuclear 
reactor fuel pin) within a recess 41 in its diametral 

20 surface. The carriage 40 also has a plurality of 
paramagnetic metal bars 42 extending 
longitudinally and equally spaced around the 
curved part near the surface thereof. The tube 3 
(or 6) has at least three air or other gas inlets 43 

25 equiangularly spaced around that part of the tube 
which registers with the curved part of carriage 
40. Air or other gas is fed in constantly to cause 
levitation of the carriage 40 and electromagnetic 
coils 44 similar to those provided in projections 23 

30 of the previously described embodiment are 
provided for moving the carriage 40 along the 
tubes 3, 6. 

Figure 9 shows a similar type of carriage 40 in 
a tube 3 (or 6) but instead of bars 41 it has built-in 

35 propulsion coils 45 with current pick-up from 
sliding contacts (not shown) and current bars 46 
to give a linear motor type of drive. A magnet 47 
at the lowermost part of carriage 40 registers with 
an electromagnetic 48 at the bottom of tube 3 (or 

40 6) to provide levitation of the carriage 40 by 
magnetic repulsion, 

Figure 1 0 shows a platform type of carriage 50 
having a stirrup 5 1 for a radioactive body 1 6, the 
platform carriage 50 being levitated by either 

45 magnetic, electromagnetic or gas pressure at a 
centre region and spaced linear motors 53, 54 
with feed-back for correcting platform skew. 
Figure 1 1 is similar to Figure 1 0 but has a liquid 



canal 55 and a floating barge 56 on which the 
50 platform carriage 50 is mounted, drive being by 
linear motors 53, 54, This embodiment also 
shows a pair of stop pegs.57 for stopping the 
platform carriage opposite a work station 1 4, the 
pegs being retractable to free the carriage 50 for 
55 movement to the next work station. 

The main advantage seen in the present 
invention is the maintenance of the 'active 
volume' inherent in the system to as small a 
quantity as possible, being many times less than 
60 the volume of an equivalent facility which involves 
caves. Because of this, the problems associated 
with large volumes of contaminated atmosphere 
or active components are largely reduced. 
Furthermore, the problems of repair and 
65 maintenance are greatly reduced with the big 
decrease in scale. Also the relatively small size of 
the facility reduces problems with the remote 
operation of equipment and transport and it can 
be arranged that human operators need not work 
70 close to the facility. 



CLAIMS 

1 . Facility for the examination of radioactive 
bodies comprising a movable carriage for 
supporting at least one radioactive body, a 

7 5 shielded passage forming a path of travel for the 
carriage and having transverse sectional 
dimensions not much larger than the 
corresponding dimensions of the carriage, and 
means for moving the carriage along the passage 

80 between a plurality of examination stations at 

which equipment for examining the body or bodies 
is located outside the shielding. 

2. Facility according to claim 1 in which the 
passage comprises a plurality of abutting shielded 

85 tubular units disposed end-to-end with intervening 
sealing means. 

3. Facility according to claim 2 in which the 
tubular units comprise alternate examination and 
service stations and means for the selective 

90 removal and replacement of individual units. 

4. Facility for the examination of radioactive 
bodies constructed and arranged substantially as 
herein described with reference to and as 
illustrated in the accompanying drawings. 
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